Background: Identifying factors shaping knowledge of and attitudes toward tobacco 12 products in pre-adolescence is a key component supporting tobacco control policies aimed at 13 preventing smoking initiation. This study quantified exposure to tobacco retailing 14 environments within the individual-level activity spaces of children across a socioeconomic 15 gradient. 16 Methods: One week of GPS tracking data were collected at 10 second intervals from a 17 nationally-representative sample of 10-11-year-olds (n=692). Proximity of GPS locations 18 (n=~16M) to the nearest tobacco retailer (n=9030) was measured and exposure defined when 19 a child came within 10m of a retailer. Duration, frequency, timing, and source of exposure 20 were compared across income-deprivation quintiles, along with retail density within 21 children's home neighbourhoods.
Background 36 There is growing acceptance that tobacco 'endgame' strategies-which seek to end, rather 37 than control, the tobacco pandemic-are needed to reduce the global burden of preventable 38 disease 1-3 . Endgame goals vary internationally, but typically set a target for reducing smoking 39 prevalence to less than 5% of the population 4 . A variety of tobacco-related interventions will 40 be required to achieve these ambitions, and will almost certainly have to include measures 41 designed to reduce the local supply of tobacco products 4 . Most adult smokers start during 42 adolescence 5 , so mitigating against risk factors connected to smoking initiation during 43 adolescence has been identified as a priority in tobacco control policies 6 . However, much of 44 the research into the availability of tobacco products has focused on adults and adolescents 7-45 12 , and less is known about exposure among younger children. This is a key omission 46 because pre-adolescence is a significant formative period during which knowledge and 47 attitudes to health-related behaviours, including smoking, become 'hard-wired' 13 . 48 The availability of tobacco products has been identified as a potential causal factor in 49 promoting smoking initiation and as a barrier to cessation 14, 15 . It is well established that 50 tobacco retailing is disproportionately located in more socially deprived neighbourhoods 16-20 , 51 where smoking prevalence and premature deaths attributable to tobacco are also higher 21, 22 .
52
Research suggests that ubiquitous availability of tobacco normalises and reinforces smoking 53 in the local population, which in turn may make young people in the area more likely to 54 become smokers themselves 2, 15, 16 . Early smoking experience is strongly linked to later 55 behaviour [23] [24] [25] . Two-thirds of youths who initiate smoking aged 11 years become regular 56 smokers versus less than half of those who initiate aged 16 26 However, rates of smoking in 13-and 15-year-olds remain higher in the most deprived 85 areas 37, 39 . If the government's aim of making Scotland tobacco-free by 2034 is to be achieved 86 it is clear that further action to reduce inequalities in smoking is necessary 38 .
87
In this paper, we determine if individual mobility patterns of children exacerbate exposure to 88 tobacco retailing above what would be expected based on tobacco outlet density (TOD) 89 alone. To achieve this, we provide a nationally representative assessment of daily exposure to 90 tobacco retailing within the individual-level activity spaces of pre-adolescent children 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The straight-line distance from each GPS location to every retailer location was measured 137 using the geosphere package 43 in R, and the nearest tobacco retailer retained along with 138 information regarding retailer outlet type. Locations were classed as "exposed" when distance 139 to nearest retailer was <10m. The 10m threshold was used because this is the distance a child 140 walking at 1m sec -1 (3.6kph) would travel between each GPS location. Each exposed location 141 represented a 10-second epoch and duration of exposure in minutes was calculated by 142 multiplying counts of locations by 10, then dividing by 60. The frequency of independent 143 exposures was also quantified. Independent exposures occurred when an exposed location 144 was preceded by an unexposed location and thus gives a measure of encounter rates with 145 retailers. The unique identifier of retailers on the register was used to quantify the number of 146 unique retailers encountered by participants.
147
Participants were asked to wear GPS devices during waking hours, leading to variation in compared between most and least income deprivation quintiles. All means are presented with 178 95% confidence intervals.
179

Results
180
A total 52,166 hours of GPS data were collected from 692 participants, with an average 63.0 181 hours (61.7-64.2) of wear time per participant across an average 6.0 (5.6-6.4) days of 182 tracking, equalling an average 10.0 hours (9.9-10.1 hours) per participant per day (Table 1) .
183
Duration and frequency of exposure to tobacco retailing 184 Our results showed that an average 10-11-year-old child was exposed to tobacco retailing for 185 2.7 minutes (1.9-3.4) per weekday and 4.7 minutes (3.4-5.9) per weekend day, totalling 186 22.7 minutes (16.8-28.6) per week (Table 2) . However, a significant socioeconomic 187 gradient existed in which children from the most income deprived areas experienced 5 times 188 more exposure than children from the most affluent areas on weekdays, 6 times more on 189 weekend days, and 6 times more in an average week (P<0.001: Table 2 ). An even greater 190 disparity was apparent in the frequency of independent exposures (Table 3) the least deprived areas (and 6 times on weekends: P<0.001: Table 3 ). The total number of 195 businesses encountered by each child was higher in the most deprived areas 6.7 (5.3-8.1) 196 than the least deprived 6.0 (5.3-6.7), but not significantly so (P=0.63).
197
Tobacco outlet density in the home environment 198 The average number of retailers within 800m of participant's homes was 6.2 (5.6-6.7).
199
Home environments of participants in the most deprived quintile had significantly more retailers (11.8; 10.1-13.4) than those in the least deprived areas (4.5; 3.7-5.2: P<0.001).
201
The mean density in the most deprived areas was 2.6 times greater than that in the least 202 deprived.
203
Source of exposure by outlet type 204 We found a significant difference between the distribution of exposure source across all 205 income-deprivation levels and the availability of those sources in the environment (P<0.001).
206
Overall, most exposure during a week came from convenience stores (35.0%) and 207 newsagents (14.5%), although the level of exposure was roughly proportionate with the 208 availability of these outlets (37.5% and 15.3%, respectively: Table 4 ). Exposure from 209 supermarkets (9.8%) was significantly higher than expected given their availability (5.4%), 210 particularly on weekends (13.6%). Exposure from off-licences, hotels, and businesses classed 211 as "other retail" (e.g. discount stores) was also greater than expected given their availability.
212
We found significant differences between the distribution of exposure sources of children in 213 the most deprived areas compared to those in the least deprived areas, and with their 214 availability in the environment (both P<0.001). Children in deprived areas got significantly 215 more exposure from convenience stores (41.0%) than children in the least deprived areas 216 (28.1%). However, this reflected differences in the availability of convenience stores, which 217 were 3 times more numerous in the most deprived areas (n=929) than the least (n=306).
218
Children in deprived areas also got almost three times more exposure from supermarkets 219 (13.2%), particularly on weekends (21.7%), than availability in these areas (4.8%) would 220 predict. Children in deprived areas got less exposure from newsagents (12.7%) or public 221 houses (3.9%) than expected given their availability (17.6% and 7.6%, respectively).
222
Whereas, children from the least deprived areas got more exposure from these two sources (15.1% and 11.8%, respectively) than expected given their availability (11.1% and 9.7%, 224 respectively).
225
Timing of exposures 226 Considerable peaks were seen in the timing of exposure for children from across all income 227 deprivation levels. On weekdays, 46% of total exposure occurred after immediately school 228 between 1500-1800, with 10% occurring before school between 0800-0900 ( Figure 1a ).
229
Rates of exposure were reduced during school hours (0900-1500). On weekends, exposure 230 was elevated between 1200-1700 when 59% of exposure occurred (Figure 1b ).
231
[FIGURE 1 HERE]
232
Despite following a similar temporal trend, the hourly distribution of exposure was 233 significantly different on weekdays and weekend days between children from income 234 deprived and non-deprived areas (both P<0.001). The weekday morning (0800-0900) and 235 afternoon (1500-1600) peaks were higher among children from income-deprived areas.
236
Weekend days also saw a higher peak in exposure during the hours 1200-1500 among those 237 from income deprived areas compared to those from non-deprived areas. key, demographic group. We found that an average 10-11-year old child in Scotland is 245 exposed to tobacco retailing for 22.7 minutes (16.8-28.6) per week. Most notable, however, was the significant socioeconomic gradient in exposure, in which children from areas with 247 the most income deprivation accumulated 6 times the duration, and 7 times the frequency, of 248 exposure than children from areas with the least income deprivation. In other words, children 249 in income deprived areas typically experienced more exposure in one weekend day (13.0 250 minutes: 5.8-20.2) as those from non-income deprived areas experienced in a whole week 251 (11.3 minutes: 7.4-15.1). From a public health perspective, this is a concern given that 252 exposure to tobacco products is a potential pathway to smoking initiation 14, 15 inequalities is therefore a priority for future research.
291
Strengths and limitations 292
The main strength of our study lies in our quantifying individual-level exposure within child 293 activity spaces using precise child and retailer location data from a large and nationally 294 representative sample of children. This offers a significant advantage over previous studies the sources of exposure. Additionally, we now have a baseline of tobacco exposure for our 301 sample who will be followed up longitudinally as part of GUS, allowing us to track their 302 future smoking trajectories. Our use of an area-based measure of income deprivation also 303 meant we were able to explore how differences in exposure are driven by the positive skew in 304 retailer density towards more deprived areas.
305
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